This paper describes the multiband behaviour as well as the response for dielectric loading of a pentagonal fractal patch antenna designed at frequency f = 2.45 GHz. The proposed antenna shape has been obtained by introducing slots in a pentagonal patch antenna up to second iteration. Detailed design steps and results of the designs are studied and investigated in this paper. Simulated and measured results reveal that the antenna will be operated at three different frequency bands-2.17 GHz, 3.56 GHz, and 7.93 GHz with acceptable performances (i.e. VSWR < 2). The measured results for the antennas are in good agreement with simulated results. The proposed antenna maintains good radiation pattern with gain. However dielectric loading increases its radiation efficiency at the cost of significant decrease in gain and directivity.
Introduction
The modern telecommunication system requires antennas that have multiband and wider bandwidth characteristics as well as smaller dimensions than conventionally possible ones. In the recent years, the self-similar and space filling nature of fractal geometry has motivated antenna designers to adopt this geometry as a viable alternative to meet the target of multiband operation. The self-similar and scaling properties of fractal geometries characterize these structures [1] . In 1998, Z. Baharav presented his work on fractal arrays based on iterated function systems. Self-similar feature in the radiation patterns allows a multi-band frequency usage of the fractal array [2] . In 1999, M. Navarro et al. worked on the topic "Self-similar surface current distribution on the fractal Sierpinski antenna verified with Infra-red Thermograms" [1] . In this research, he presented the experimental verification of the fractal Sierpinski Antenna surface's current distribution. In 2001, P. Felber reported that due to the space filling properties of fractals, antennas designed from certain fractal shapes can have far better electrical to physical size ratios than conventional antennas [3] . In 2004, K. Sathya performed research on size reduction of low frequency microstrip patch antenna with Koch shaped fractal slot and a size reduction about 84% [4] . In 2005, P. Hazadra and M. Mazánek performed the research on model analysis of fractal microstrip patch antennas and the obtained results found in good agreement with the simulated one [5] . Later in 2006, V. Gupta and N. Gupta conducted research on "Two compact microstrip patch antenna for 2.4 GHz band", in which two low profile patch antennas for wireless LAN 802.11b communication standard were designed and investigated, however, performed analysis of a fractal microstrip patch antenna was done in 2007 [6, 7] . In 2008, F. H. Kashani et al. studied a novel broadband fractal Sierpinski shaped, microstrip antenna, and found that this antenna with a multilayer structure behaves in 7 -10.6 GHz portion which overlaps the UWB range [8] .
However in 2009, A. Azari designed an ultra wide band hexagonal fractal microstrip antenna and found that the antenna has multiband behavior, and significant gain improvement was also achieved [9] . In 2010, F. J. Jibrael et al. presented a research paper entitled "A new multiband patch microstrip plusses fractal antenna", and proposed that the antenna has an excellent size reduction Dielectric Loading on Multi-Band Behaviors of Pentagonal Fractal Patch Antennas 50 possibility with good radiation performance for wireless applications [10] . However, L. Economou et al. [11] analyzed circular patches printed on RT Duroid, with glass laminated superstrates and found that the glass improved the bandwidth of the antenna. Latter, D. D. Krishna et al. [12] proposed a dielectric loaded slotted circular dual frequency microstrip antenna and observed that the superstrate, not only acts as a random, but also improves the operating bandwidth of the antenna. Several research works have been reported on fractal patch antennas and the microstrip patch antenna, but not much attention has been paid on dielectric loaded fractal patch antennas, though such loading severely affects the performance characteristics of the patch antennas.
Therefore, in this paper authors have designed the pentagonal fractal patch antennas and made an attempt to investigate the effects of dielectric loading on the behavior of the antenna. The novelty of this work presented here is that the environmental effect on fractal patch antenna has been analyzed. We considered here rain attenuation as an environmental parameter and analysed performance degradation of fractal patch antenna. Figure  1 shows the geometrical configuration of proposed pentagonal fractal patch antenna up to second iterations.
Design of Antenna Geometry
A pentagonal microstrip patch antenna gives better performance than the rectangular patch antenna; in particular, it supports both linear and circular polarizations [13] (Figure 2) . The pentagonal patch antenna provides circular polarization with only one feed where as rectangular patch antenna requires multiple feeds to get circular polarizations. Hence the proposed antenna geometry is chosen to be a pentagonal patch antenna and fed with a 50 Ω coaxial cable for better impedance matching. This has later been converted into fractal patch antenna accompanying pentagonal slots using a finite number of iterations. The pentagonal antenna size calculations were made considering the invariance of the electrostatic energy below the pentagonal and circular patches, keeping their areas remain constant [14] . The relationship between the circles (r 1 ) to the side arm of the regular pentagon (r 2 ) is given in Equation (1). Side arm of the pentagon (r 2 ) = 1.175 r 1 .
In the derivation of the expression (1), the pentagonal patch is assumed to be a resonant cavity with perfectly conducting side walls.
Because a circular disc is the limiting case of the polygon with large number of sides, in this case number of sides are 5. The resonant frequency of the dominant as well as for the higher order modes can be calculated from the formula given below:
where ' np X are the zeros of the derivative of the Bessel function   n J x of the order n, as is true for TE mode circular waveguides, however for the lowest order modes; ' 1.84118
The lengths of each side of the pentagonal antenna are calculated by using Equations (1) & (2). For coaxial feeds, the location of the feed point is usually selected to provide a good impedance match.
Fractal Antenna Generation and Antenna Geometry
In this we illustrate the design procedure of the fractal patch antenna for multiband application. In this design procedure a pentagonal antenna is converted into the fractal patch antenna by the introduction of the pentagonal sot. In 1 st iteration a pentagonal slot is introduced in the centre of the patch. For the modification of the basic geometry, the size of the slot is 1/5 to the size of the basic geometry. Similarly, in the second stage, a set of two pentagon slots is inserted; the size of the each slot is 1/6 to the size of the basic geometry. Due to these slots, the antenna posses the characteristics of multi-band frequency operation.
Using design parameters ( Table 1 ) a pentagonal antenna is designed and simulated using HFSS, which has been taken as 0th iteration or the base geometry of pro- 
Results and Discussions

Pentagonal Fractal Patch Antennas
The geometry shown in Figures 3-5 is simulated using the HFSS software and the return loss characteristics obtained has been shown in the Figure 6 . From which return loss of −18.37 dB at a resonant frequency of 2.44 GHz has been obtained for 0 th iteration. From the return loss characteristics one may find the presence of dual bands having return loss of −10.88 dB at 2.30 GHz, −18.10 dB at 3.88 GHz for 1 st iteration. However for the 2 nd iterated simulation results we find the antenna is resonating at three different resonant frequencies. We may view the return loss of −16.69 dB at 2.17 GHz, −16.17 dB at 3.56 GHz, −19.64 dB at 7.9315 GHz, which satisfy the requirement of multi-banding behavior of antenna. Table 2 . Figure 9 shows the simulated VSWR of the fractal patch antenna for 0 th , 1 st and 2 nd iteration and observed that VSWR is less than 2 at the resonant frequencies. Simulated VSWR results are also tabulated in the Table  2 .
The radiation pattern of the 0 th iteration of fractal patch antenna has been shown in the iation pattern we can find that the maximum achieved gain is 1.3 dBi. The radiation pattern of 1 st iteration of fractal patch antenna at both resonant frequencies has been shown in the Figure 11 , which gives the maximum gain of 2.15 dBi at 2.3 GHz and 4.0 dBi at 3.88 GHz. The radiation pattern and gain of the 2 nd iteration, at all three resonant frequencies have been illustrated in the Figures 12 and 13 . One may be able to observe that maximum achieved gain at 2.17 GHz is 2 dBi, at 3.56 GHz is 5.00 dBi, and at 7.93 GHz is 1.0 dBi. Table 4 presents various parameters like directivity, gain and radiated power at all resonant frequencies. While experimental set up used for measurement and obtained results are shown in Figures 14 and 15 respectively. 
Pentagonal Fractal Patch Antennas with Dielectric Loading
The dielectric loading changes the resonance frequency, gain, radiation efficiency and bandwidth of the conventional patch antennas, and amount of effects vary with thickness of dielectric, types of dielectrics, impedance matching and polarization. The study shows that resonant frequency decreases with increasing the thickness of dielectric. The maximum value of the radiation efficiency Open Access OJAPr
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is obtained in the case of an antenna with different substrate and dielectric materials than that of an antenna with substrate and dielectric of same dielectric. As reported in reference [15] , due to dielectric loading, capacitance of the antenna system increases, which decreases the overall performances of the antenna such as resonant frequency, impedance bandwidth and radiating efficiency.
Hence, in order to observe the effects of dielectric loadings on the antenna characteristics, the proposed antenna has been analyzed and tested using water as a dielectric cover. The obtained characteristics are shown in Figures 16-19 ; and the simulated and measured results are also tabulated in Tables 5 and 6 respectively. Measured results for the fractal patch antennas without and with a dielectric cover of thickness 0.3 mm are shown in Figures 17 and 20 . Measured results shows shift in resonance frequency, which are due to non uniform distribution of water layer on the patch antenna surface and inability to measure exact water level thickness on the patch surface. 
Conclusion
In this work, we analyse the effect of water accumulation on the surface of the fractal patch antenna. Accumulation of rain water on the top of the antenna surface for highly resonant (high Q-value) microstrip antennas makes them prone to frequency shift as well as impedance mismatch. A prototype of the proposed antenna was fabricated and measured for experimental verification. Based on the measurement results, substantial improvements in the design of fractal antenna are taken care while analysing. The pentagonal fractal antenna designed at frequency f = 2.45 GHz, can be used at three different frequency bands (multiband)-2.17 GHz, 3.56 GHz, and 7.93 GHz with acceptable performances (i.e. VSWR < 2 and S 11 < −10 dB), particularly in wireless communications. Result of dielectric loaded antenna reveals that the dielectric loading changes the parameters-resonant frequency, return loss, impedance, VSWR etc. of the antenna. Dielectric loading increases its radiation efficiency at the cost of significant decrease in gain and directivity. It has also been observed that as the dielectric thickness increases, the resonant frequency shifts towards lower side and hence deteriorates the multi-band characteristics of the pentagonal fractal antennas. The measured results for the antennas are in good agreement with simulated results especially for 2 nd iterated patch antenna with dielectric cover (water) having thickness 0.3 mm.
